Background Weaning from mechanical ventilation requires increased respiratory effort, which can heighten anxiety and later prolong the need for mechanical ventilation. Objectives To examine the predictive associations of music intervention, anxiety, sedative exposure, and patients' characteristics on time to initiation and duration of weaning trials of patients receiving mechanical ventilation. Methods A descriptive, correlational design was used for a secondary analysis of data from a randomized trial. Music listening was defined as self-initiated, patient-directed music via headphones. Anxiety was measured daily with a visual analog scale. Sedative exposure was operationalized as a daily sedation intensity score and a sedative dose frequency. Analyses consisted of descriptive statistics, graphing, survival analysis, Cox proportional hazards regression, and linear regression. Results Of 307 patients, 52% were women and 86% were white. Mean age was 59.3 (SD, 14.4) years, mean Acute Physiology and Chronic Health Evaluation III score was 62.9 (SD, 21.6), mean duration of ventilatory support was 8 (range, 1-52) days, and mean stay in the intensive care unit was 18 (range, 2-71) days. Music listening, anxiety levels, and sedative exposure did not influence time to initial weaning trial or duration of trials. Clinical factors of illness severity, days of weaning trials, and tracheostomy placement influenced weaning patterns in this sample. Conclusions Prospective studies of music intervention and other psychophysiological factors during weaning from mechanical ventilation are needed to better understand factors that promote successful weaning.
M
ore than 800 000 patients require mechanical ventilation each year in the United States, 1 and that number is expected to increase significantly as the population ages. 2 Mechanical ventilation can cause distressing physical and psychological symptoms. 3, 4 Weaning can further exacerbate these symptoms by requiring increased respiratory effort. [5] [6] [7] [8] [9] Up to 40% of the time that patients are receiving ventilatory support is spent being weaned off the ventilator. 10 Patients who are not weaned successfully report more fatigue, dyspnea, and less weaning self-efficacy. 7, 9 Additionally, patients requiring mechanical ventilatory support for more than 3 weeks account for greater than 50% of total intensive care unit (ICU) costs. 1 Thus, timely weaning is essential to decrease the personal and economic costs of mechanical ventilation. 9 Distressing symptoms associated with mechanical ventilation are commonly managed by sedative and analgesic medications. Although these are necessary to promote comfort, decrease oxygen consumption, facilitate nursing care, and ensure patient safety, 4, 11 overuse of these medications can cause negative adverse effects, such as increased rates of organ failure; short-term and long-term issues with memory, cognition, and emotional stability; inaccurate neurological assessments; reintubation; and medication withdrawal. 12 Moreover, oversedation can have grave consequences for weaning success. 11, 13, 14 Current practice guidelines recommend maintaining light levels of sedation to enable responsiveness and awareness sufficient for the patient to follow simple commands while receiving mechanical ventilation. 15 Lighter levels of sedation improve clinical outcomes by decreasing total ventilator time and overall ICU lengths of stay; however, lightening sedation may heighten the physiological stress response 15 and intensify psychological stressors. 8 Thus, it is important to consider alternative symptom-management strategies that maintain alertness and promote physical and psychological well-being during ventilator weaning. Music intervention is 1 viable nonpharmacological option that can be used adjunctively to effectively manage distress in patients receiving mechanical ventilation. [16] [17] [18] [19] [20] [21] However, the use of music intervention specifically during ventilator weaning has not been sufficiently studied. 22 There is a critical need to consider physiological and psychological factors that prolong weaning and delay extubation, to develop innovative interventions that address modifiable factors and promote successful weaning. 22 The purpose of this study was to examine predictive associations of music intervention, anxiety, sedative exposure (eg, intensity and dose frequency), and patients' characteristics on time to initial weaning trial and duration of weaning trials in critically ill patients receiving mechanical ventilation. Primary aims were to determine if music (aim 1) and anxiety (aim 2) influenced time to initial weaning trial after study enrollment and to determine if music (aim 3) and anxiety (aim 4) influenced the duration of weaning trials during the study period in patients receiving mechanical ventilation.
Methods

Overview of the Parent Study
This secondary data analysis was based on a subset of patients who participated in a randomized controlled clinical trial (NCT00440700) between September 2006 and March 2011 that tested whether listening to self-initiated, patient-directed music (PDM) reduced anxiety and sedative exposure during ventilator support of critically ill patients. 17 Patients were recruited from 12 adult ICUs in 5 hospitals in Minneapolis, Minnesota. Patients were randomly assigned to (1) self-initiated PDM, (2) self-initiated application of noise-canceling headphones, or (3) usual care. A board-certified music therapist used There is a critical need to consider physiological and psychological factors that prolong weaning and delay extubation.
www.ajcconline.org a music assessment tool to evaluate the musical preferences of patients randomly assigned to the PDM group. Then, the therapist compiled compact discs of a variety of relaxing instrumental music that met established tempo, instrumental, and rhythm requirements and were tailored to the patients' preferences. PDM patients received usual ICU nursing care and were prompted to listen to preferred music via noise-canceling headphones twice daily whenever they were feeling anxious or needing quiet time, but at their own discretion regarding duration and frequency. Baseline demographic data were collected at enrollment and data collection was continued for the duration of the patient's time in the study (up to 30 days) and mechanical ventilatory support, or until the patient withdrew, was extubated, transferred, or died. Additional details related to the parent study are reported elsewhere.
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Secondary Data Analysis Project
Design. A descriptive, correlational study design was used to address the study aims for this secondary data analysis from the referenced parent study. 17 Sample. Patients were included in the analysis if they were enrolled in the parent study for at least 24 hours, intubated fewer than 40 days before study enrollment, and if they had recorded sedativeexposure data (Figure 1) .
Conceptual Framework. This analysis was guided by a transactional stress-response model (Figure 2 ). It was hypothesized that patients who listened to music during mechanical ventilation would report lower anxiety levels and have shorter times to initial weaning trial and longer weaning trials.
Demographic and Clinical Variables
Baseline demographic data included age, sex, race, history of mechanical ventilation, and type of artificial airway. Severity of illness was measured by the Acute Physiology, Age, Chronic Health Evaluation (APACHE) III 23 score, using medical record data from the first 24 hours of ICU admission. Length of ICU stay was recorded beginning with day of admission and ending with day of discharge from the unit or of death. The number of days in the ICU before study enrollment was recorded beginning with days of admission and ending with the day the patient was enrolled in the study. Length of mechanical ventilatory support was recorded beginning with the day the patient was intubated and ending with the day of extubation, use of tracheostomy dome longer than 24 hours, or death. Ventilator settings, including respiratory rate, mode, tidal volume, pressure support, positive end-expiratory pressure, and fraction of inspired oxygen, were recorded daily. Anxiety. Anxiety was measured daily using a visual analog scale for anxiety. Patients were asked to rate their current anxiety on a 100-mm vertical line, anchored at the bottom by the statement "not anxious at all" and at the top by the statement "the most anxious I have ever been." Sedative Exposure. Sedative exposure was operationalized as a daily sedation intensity score and sedative dose frequency.
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Weaning Trials
Weaning trials were recorded for each study day whenever the respiratory therapist or nurse indicated in the electronic medical record that the ventilator was switched to a pressure-support mode or that it was disconnected and a tracheostomy dome was applied instead. In the subset of patients used for this analysis, the most recorded weaning trials for any study day was 5. Although the data set contained the number of weaning trials per day, the exact start and stop times (ie, duration of each weaning trial) were available only for the first weaning trial during the first day of the study period.
Time to Initial Weaning Trial. Time to initial weaning trial was defined as the time, in hours, from study enrollment until the first weaning trial was attempted after study enrollment.
Duration of Weaning Trials. Duration of weaning trials was defined as the length of time, in minutes, from the start of each trial (or trials) to the end of each trial (or trials) for every day of study participation. Not all patients experienced a weaning trial each study day. Patients who experienced a weaning trial at least once daily had weaning trial data recorded, including method of weaning, fraction of inspired oxygen, positive end-expiratory pressure, pressure support, and duration of each weaning trial, and number of weaning trials for that day. Tables 1 and 2 list summaries of the variables and measurements.
Ethical Considerations
The parent study protocol was approved by the institutional review boards at the University of Minnesota and all participating sites. Additionally, institutional review board approval was obtained from the University of Minnesota for this secondary data analysis.
Statistical Analyses
Data analyses were accomplished using SPSS version 22 (IBM SPSS) and SAS version 9.3 (SAS Institute). All data were analyzed descriptively via univariate statistics using independent-samples t tests and 2 tests. Results were considered significant a priori at P < .05.
Analysis by Aims
To address the aims of this project, the patients in the PDM and noise-canceling headphones groups were analyzed as separate, independent groups. For the analyses, the usual-care group was considered the reference group. The influence of music (assignment to PDM) and the influence of anxiety on time to initial weaning trial after study enrollment (aims 1 and 2) were analyzed together via a Cox proportional hazards regression using group assignment as a fixed covariate. First, an exploratory survival analysis was graphed to compare the 3 groups and the general trends for time to the initial weaning trial after study enrollment. Daily anxiety ratings were treated as a time-dependent covariate. Other covariates, static and time dependent, were screened individually in the proportional hazards regression and introduced into the model if they were significant at P < .10. Because of the almost collinear relationship between sedative dose frequency and sedation intensity score, 2 models were created.
Variable
The influence of music (assignment to the PDM) on duration of weaning trials during the study period and the influence of anxiety on duration of weaning trials during the study period (aims 3 and 4) were analyzed together using linear regression with duration of weaning trial as the dependent variable in the context of mixed models. Mixed models were chosen because there could be multiple trials for 1 patient and the related data had to be accounted for in the model. Covariates were screened individually in the linear regression and introduced into the model if they were significant at P < .10. Because of the almost collinear relationship between sedative dose frequency and sedation intensity score, 2 models were created. Table 2 summarizes characteristics of the study sample (N = 307), and the PDM (n = 104), noisecanceling headphones (n = 99), and usual-care (n = 104) groups. The mean illness severity score (measured by APACHE III) was 62.9 (SD, 21.6), reflecting a broad range of illness severity upon ICU admission. The majority of patients were orally intubated (n = 249; 81.1%) for respiratory failure (n = 169; 55.0%) or respiratory distress (n = 79; 25.7%). Anxiety, sedation intensity score, and sedative dose frequency did not differ significantly at study entry among groups. Of the 269 patients who had at least 1 recorded weaning trial, 130 (48.3%) had required mechanical ventilation in a previous hospitalization, whereas only 13 of the 38 patients (34.2%) who did not have at least 1 recorded weaning trial during the study period required mechanical ventilation in a previous hospitalization (P = .04). Patient status at discharge (dead vs alive) was significantly different between groups: 93% of patients who had at least 1 recorded weaning trial during the study period were alive at discharge compared with 79% of patients who were not subject to a weaning trial (P = .01).
Results
Demographic and Clinical Characteristics
Influence of Music and Anxiety on Time to Initial Weaning Trial
Models 1 and 2 estimated the time to initial weaning trial after study enrollment by group assignment and anxiety, controlling for measures of sedative exposure in addition to other covariates that may affect time to initial weaning, such as total days in ICU, APACHE III score, and prior history of mechanical ventilation. Both models indicated that group assignment and anxiety were not significant predictors of time to initial weaning trial (Table 3) . When sedative dose frequency and sedation intensity score were controlled for separately, patients with higher initial illness severity scores had a shorter time to initial weaning trial after study enrollment.
Influence of Music and Anxiety on Duration of Weaning Trials
Models 3 and 4 estimated the influence of group assignment and anxiety on duration of weaning trials during the study period, controlling for measures of sedative exposure in addition to other covariates, including day, weaning trial number, age, days receiving mechanical ventilation, days in ICU, fraction of inspired oxygen, and presence of a tracheostomy. Both models indicated that group assignment and anxiety were not significant N = 307) www.ajcconline.org predictors of duration of weaning trials during the study period (Table 4 ). Model 3 showed that for each day after study enrollment, duration of weaning trials increased by 8.4 minutes (P < .001), and if a patient was breathing through a tracheostomy tube (compared with an endotracheal tube) on the day of the weaning trial, duration of weaning trials for that day increased by 53.6 minutes (P = .04). Model 4 showed that for each day since study enrollment, duration of weaning trials increased by 8.6 minutes (P < .001). If a patient had a tracheostomy on the day of the weaning trial, duration of weaning trials for that day increased by 54.6 minutes (P = .03).
Variable
Table 3
Influence of group assignment and anxiety on time to initial weaning trial after study enrollment, controlling for sedative dose frequency, sedation intensity score, and other covariates Covariates in all models showed various levels of significant correlations, from weak to moderately strong (Tables 5 and 6 ).
Discussion
The purpose of this secondary data analysis was to examine predictive associations of music listening, anxiety, sedative exposure (eg, intensity and dose frequency), and patients' characteristics with time to initial weaning trial and duration of weaning trials in a sample of patients receiving mechanical ventilation. Results indicate that music and anxiety were not significant predictors of time to initial weaning trial after enrollment, nor were they significant predictors of duration of weaning trials during the study period.
However, important information regarding various factors that may affect weaning success were gained from this analysis.
To our knowledge, this is the first investigation of data from a large randomized clinical trial of acutely ill patients in the ICU to examine music-listening interventions and anxiety on weaning from mechanical ventilation. Previous literature has reported the positive impact of music intervention during mechanical ventilation, 22, 25 but only 1 study 26 was identified that examined music intervention as an adjunctive treatment specifically during weaning from mechanical ventilation in the acute care setting. Hunter and colleagues 26 relied on heart rate and blood pressure measurements, as well as staff assessment, to evaluate patients' anxiety after the music intervention. Although the study results were positive, these physiological measurement techniques and proxy assessments for anxiety are dated; future research should consider more precise biological measures in conjunction with direct reports from patients to evaluate anxiety to enhance our understanding of the exact mechanisms in which music affects the stress response. Our findings document that patients with higher illness severity scores were more likely to experience a shorter time to first weaning trial after study enrollment, which is the opposite of what would be clinically expected. This result is most likely due to the way illness severity was calculated in the parent study. 17 APACHE III scores were measured only once, using data from the day of ICU admission. Thus, we could not account for physiological changes over time. 27 Also, because of the self-directed nature of the music intervention, eligibility for the parent study required more medically stable critically ill patients who were awake and alert enough to participate in the protocol. Previous research has indicated that if a patient is expected to require prolonged mechanical ventilation, a tracheostomy should be considered early.
Variable
14 However, the definition of prolonged mechanical ventilation continues to evolve, and the most ideal timing for tracheostomy placement remains unclear. 28 Tracheostomy placement may reduce the work of breathing, facilitate weaning, and lessen the need for sedation and analgesia. 28 Our results demonstrated that patients who had a tracheostomy tolerated significantly longer weaning trials, which may suggest that early tracheostomy placement may benefit individuals who are likely to require prolonged ventilator support.
Given clinical similarities of illness severity at study enrollment, it is noteworthy that half of the patients who had at least 1 weaning trial during the protocol had experienced mechanical ventilation during a previous hospitalization, compared with less than a third of patients who never attempted a weaning trial. Furthermore, patients who had previously received mechanical ventilation during a prior hospitalization underwent their first weaning trial sooner after enrollment than did patients who had never received mechanical ventilation. These findings suggest that experience or familiarity with the ventilator may positively influence weaning patterns. The weaning process elicits intense emotions of fear and anxiety because of a perceived lack of familiarity with and understanding of the weaning process. 4, 29, 30 These emotions may be lessened by frequent education about the weaning process.
Limitations
Several inherent limitations are well known to be associated with secondary data analyses. 31, 32 In addition to these limitations, the primary aims of this secondary analysis were not directly aligned with the specific aims of the parent study, and the data collection measures used could not be amended. Weaning trials were recorded for the parent study beginning on the first day patients were enrolled in the study. It is unknown how many patients in the analysis were already undergoing weaning trials, and to what degree, before study enrollment. Duration of weaning trials was provided, but the exact start and stop times of each weaning trial after the initial weaning trial on the first day of the study were not available in the electronic data set, making it difficult to fully evaluate weaning patterns. The variability in PDM use, timing, and frequency could have affected the ability to capture the group effect on variables of interest specified in the study aims. Only 1 anxiety assessment was obtained daily and, owing to a variety of circumstances, some daily assessments were not completed for reasons such as the patient being "too sleepy" or "too sedated." In addition, patients were recruited from 12 ICUs, all of which used a variety of weaning practices and protocols as well as sedative administration techniques. It is unknown to what degree this variability in ventilator management and clinical practice influenced our results.
Implications for Practice
Unfortunately, distressing symptoms will continue to be an inherent part of mechanical ventilation and ICU care; therefore, it is critical that innovative nonpharmacological adjunctive treatments for symptom management are investigated and subsequently integrated into ICU nursing practice to provide high-quality care for patients receiving mechanical ventilation. Music intervention is a practical, cost-effective option that can be easily implemented and promoted at the bedside by nursing staff during ventilator weaning.
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Directions for Future Research
Future prospective primary studies are warranted and should consider pairing the music intervention Nonpharmacological adjunctive treatments for symptom management should be investigated and integrated into nursing practice.
specifically with each weaning trial, which may more accurately capture the effect of music intervention on weaning trials, as well as including physiological measures of anxiety such as heart rate, blood pressure, and respiratory rate before, during, and after weaning trials. It would also be worthwhile to analyze pertinent laboratory values or stress biomarkers to evaluate more accurately the influence of stress and anxiety on ventilator weaning.
Conclusions
Neither music listening nor anxiety levels shortened the time to initial weaning trial or influenced the duration of weaning trials in this subset of patients. However, previous publications have indicated that music may be a valuable nonpharmacological adjunctive intervention to reduce burdensome symptoms that may prolong ventilator support and delay weaning. Prospective investigations of the influence of patients' clinical characteristics and music interventions on psychological distress are warranted to advance symptom-management science and improve outcomes for patients receiving mechanical ventilation.
